Two gamma-and UV-radiation-resistant, pink-coloured bacterial strains, designated YIM F302 T and YIM F235, were isolated from the desert of Yanbu' al Bahr located in west of Saudi Arabia. Taxonomic positions of the two isolates were investigated by polyphasic taxonomic approaches. Cells of the two strains were Gram-stain-negative, aerobic and rod-shaped. They were able to grow at 15-45 C and pH 6.0-8.0 and had a NaCl tolerance limit of 1 % (w/v). Phylogenetic analyses based on 16S rRNA gene sequences revealed that strains YIM F302
Two gamma-and UV-radiation-resistant, pink-coloured bacterial strains, designated YIM F302 T and YIM F235, were isolated from the desert of Yanbu' al Bahr located in west of Saudi Arabia. Taxonomic positions of the two isolates were investigated by polyphasic taxonomic approaches. Cells of the two strains were Gram-stain-negative, aerobic and rod-shaped. They were able to grow at 15-45 C and pH 6.0-8.0 and had a NaCl tolerance limit of 1 % (w/v). Phylogenetic analyses based on 16S rRNA gene sequences revealed that strains YIM F302
T and YIM F235 represent members of the genus Deinococcus, sharing highest sequence similarities of 98.3 and 98.4 %, respectively, with Deinococcus grandis DSM 3963 T . The strains were found to contain MK-8 as the respiratory menaquinone. Major fatty acids (>10 %) of the two strains were C 15 : 1 !6c, C 16 : 0 and C 16 : 1 !7c. DNA-DNA hybridization values of the two isolates against the closely related type strains were significantly below the 70 % limit for species delineation. Genomic DNA G+C contents of strains YIM F302
T and YIM F235 were 69.3 and 69.0 mol%, respectively. Based on the phenotypic and genotypic characteristics recorded, it is determined that the two isolates represent a novel species of the genus Deinococcus, for which the name Deinococcus saudiensis sp. nov. is proposed. The type strain is YIM F302 T (=CGMCC
T =DSM 29933 T ).
The genus Deinococcus was first proposed by Brooks & Murray (1981) for a group of bacteria that are extremely resistant to radiation. At the time of writing, the genus comprises 56 species with validly published names (http:// www.bacterio.net/deinococcus.html). Members of this genus have been isolated from a wide range of environments (Asker et al., 2009; Chen et al., 2012) , for example, airborne dust (Weon et al., 2007) , a hot spring (Ferreira et al., 1997) , aquifers (Suresh et al., 2004) and continental Antarctica (Hirsch et al., 2004) . Members of the genus Deinococcus usually have pink, red or yellow colonies and are aerobic, non-spore forming, non-motile and spherical or rod-shaped Wang et al., 2010; Srinivasan et al., 2012a) . They are notable for their resistance to gamma, UV and ionizing radiation, and to desiccation (Lai et al., 2006; Callegan et al., 2008; Wang et al., 2010; Srinivasan et al., 2012b) . Most members of the genus are Gram-stain-positive (Srinivasan et al., 2012b) (Oyaizu et al., 1987; Suresh et al., 2004; de Groot et al., 2005; Zhang et al., 2007) .
western Saudi Arabia, approximately 300 km north west of Jeddah (24 05¢ N 38 00¢ E). The aim of the present study was to determine the taxonomic positions of the two isolates by using polyphasic taxonomy approaches. Based on the results of phenotypic, chemotaxonomic and phylogenetic analyses, the two isolates are determined to represent a novel species of the genus Deinococcus.
Strains YIM F302
T and YIM F235 were isolated by the spread plate technique as described by Lester et al. (2007) . One millilitre of the enriched mixture was diluted 10-and 100-fold with sterile water, and 0.2 ml of the diluted samples was spread on ISP 2 agar (Difco). The isolation plates were then incubated at 30 C for 1 week. Single colonies were selected and transferred onto new plates. Colonies that had been purified were then tentatively identified by analysis of partial 16S rRNA gene sequences. Two pink-coloured colonies were further selected for detailed characterization based on their partial sequence similarity profiles. The two strains were routinely cultured on ISP 2 medium at 30 C and stored as glycerol suspensions (20 %, w/v) at À80 C.
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene were performed as described by Li et al. (2007) . The almost complete 16S rRNA gene sequences of strains YIM F302 T (1498 bp) and YIM F235 (1529 bp) were compared with available 16S rRNA gene sequences of species with validly published names from the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments with sequences of the most closely related taxa were carried out by using the CLUSTAL X program (Thompson et al., 1997) . Phylogenetic dendrograms were generated with three tree-making algorithms: neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) using the MEGA version 6.0 software package (Tamura et al., 2011 ). Kimura's two parameter model (Kimura, 1980) was used to calculate evolutionary distance matrices of the neighbour-joining phylogenetic tree. Bootstrap analysis was performed with 1000 replications (Felsenstein, 1985) . Truepera radiovictrix DSM 17093 T was used as an out-group. Sequence analysis showed that the two strains had highest similarities with members of the genus Deinococcus: strain YIM (Fig. 1 ). The stability of the neighbour-joining tree was further confirmed by the dendrograms generated with the maximum-parsimony and maximum-likelihood methods (Figs S1 and S2, available in the online Supplementary Material).
Growth at different temperatures (10, 15, 20, 25, 30, 37 and 45 C) and NaCl tolerance at various concentrations (0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4 and 5.0 %, w/v) were determined on ISP 2 agar medium. The pH range [pH 4.0-10.0, at intervals of 1.0 pH unit prepared using the buffer system as described by Xu et al. (2005) ] for growth was tested in ISP 2 broth. Growth of strains YIM F302
T and YIM F235 was observed at 15-45 C (with optimum growth at 30 C) and over a pH range of pH 6.0-8.0 (optimum at pH 7.0). The two strains could tolerate up to 1 % NaCl (w/v) in the growth medium.
Morphological characteristics of strains YIM F302
T and YIM F235 were determined by using a light microscope (XL30; Philips) and transmission electron microscope (JEM-2100; JEOL) after 36 h of incubation on ISP 2 agar medium at 30 C. Gram staining was carried out using the standard Gram reaction and further confirmed by using the KOH test (Cerny, 1978) . Cells of strains YIM F302
T and YIM F235 were rod-shaped, occurred either singly or in pairs and measured 0.6-0.8Â1.7-3.3 µm and 0.5-0.9Â2.5-4.8 µm, respectively (Fig. S3 ). Both strains were found to be Gram-stain-negative.
Oxidase activity was evaluated via the oxidation of tetramethyl-p-phenylenediamine (Kovacs, 1956) . Catalase activity was detected by assessing the production of bubbles on addition of a drop of 3 % (v/v) H 2 O 2 . Other biochemical characteristics including fermentation, assimilation of substrates and enzymic activities were assayed using the API kits (20NE, ZYM and 50CH) (BioM erieux. Nitrogen source utilization tests were carried out as described by Gordon et al. (1974) . The ability to metabolize sole sources of carbon and nitrogen were tested with the Biolog GEN III microplate, as recommended by the manufacturer and guided by the steps described by Mergaert et al. (2002 T are given in the species description.
Polar lipids were extracted as described by Minnikin et al. (1979) and identified by two-dimensional TLC (Collins & Jones, 1980) . Menaquinones were extracted (Collins et al., 1977) and analysed using HPLC (Kroppenstedt, 1982) . Cellular fatty acid analysis (Sasser, 1990) was performed by using the Microbial Identification System (Sherlock version 6.1; database TSBA6; MIDI) using biomass collected from cells grown on tryptic soy agar (TSA) at 30 C for 3 days. The G+C content of the genomic DNA was determined by reversed-phase HPLC (Mesbah et al., 1989) using Escherichia coli DH5a as the reference strain. Polar lipid profiles of strains YIM F302
T and YIM F235 consisted of various unidentified phosphoglycolipids (including one major phosphoglycolipid), glycolipids and phospholipids (Fig.  S4) T and YIM F235 was found to be MK-8, which is in congruence with members of the genus Deinococcus (Hirsch et al., 2004; Yoo et al., 2010; Srinivasan et al., 2012a) . The major cellular fatty acids (>10%) of strain YIM F302
T were identified as C 15 : 1 !6c (21.5 %), C 16 : 0 (21.2 %) and C 16 : 1 !7c (15.7 %), while those of YIM F235 were C 15 : 1 !6c (18.9 %), C 16 : 0 (18.4 %) and C 16 : 1 !7c (22.6 %) ( Table S1 ). The genomic DNA G+C contents of strains YIM F302
T and YIM F235 were 69.3 and 69.0 mol%, respectively.
DNA-DNA relatedness was tested to determine the relationship between strains YIM F302 T and YIM F235, and against the closely related type strains using the fluorometric micro-well method (Ezaki et al., 1989; Christensen et al., 2000) . Each sample was tested with eight replications. The DNA-DNA relatedness value between strains YIM F302 T , respectively, while strain YIM F 235 showed a relatedness value of 24.8±3.7, 19.4±3.2 and 14.9±4.6 %, respectively, against these three type strains. These values are much below the 70 % limit of species delineation (Wayne et al., 1987) .
For gamma-radiation-resistance analysis, the cultures were grown to the exponential phase in ISP 2 broth at 30 C. Cells were harvested at 5000 g for 5 min at 4 C and washed twice with 0.067 M phosphate buffer (pH 7.2). The cells were resuspended in the buffer, and the OD 600 was adjusted to approximately 1.0. Each suspension was divided into 2 ml aliquots and exposed to a 60 Co source at a dose rate of 263 Gy min À1 at room temperature. After exposure to 0, 2.5, 5.0, 7.5, 10, 15 and 20 kGy, suspensions were diluted, spread on three ISP 2 agar medium plates and incubated at 30 C for 7 days. The mean number of surviving colonies was calculated, and survival rates were determined. Strains Deinococcus radiodurans DSM 20539
T and E. coli DH5a were tested as positive and negative controls, respectively. To determine the tolerance of the isolate to UV radiation,
Deinococcus saudiensis YIM F235 (KT278763)

Deinococcus saudiensis YIM F302 T (KT278764)
Deinococcus radiotolerans C1 T (KC771028)
Deinococcus grandis DSM 3963 T (Y11329)
Deinococcus daejeonensis MJ27 T (JF806527)
Deinococcus indicus Wt/1a T (AJ549111)
Deinococcus radiodurans DSM 20539 T (Y11332.1)
Deinococcus depolymerans TDMA-24 T (AB264134)
Deinococcus aquaticus PB314 T (DQ017708)
Deinococcus caeni Ho-08 T (DQ017709)
Deinococcus navajonensis KR-114 T (AY743259)
Deinococcus hohokamensis KR-40 T (AY743256)
Deinococcus deserti VCD115 T (CP001114)
Deinococcus aerophilus 5516T-11 T (EU622979)
Deinococcus aerolatus 5516T-9 T (EU622978)
Deinococcus swuensis DY59 T (JQ991923)
Deinococcus radiopugnans ATCC 19172 T (Y11334)
Deinococcus humi MK03 T (GQ339889)
Deinococcus marmoris DSM 12784 T (JNIV01000230)
Deinococcus saxicola AA-1444 T (AJ585984)
Deinococcus frigens DSM 12807 T (JNIW01000137)
Deinococcus ficus cells were prepared as above. Ten millilitres of each suspension was poured into plates (9 cm in diameter). Lids of the plates were then opened and the plates left exposed to UV light (UV-B, 15 W) at a distance of 30 cm from the UV source. Magnetic stir bars were used to keep suspensions well-mixed throughout the UV irradiation period. After UV irradiation, the suspensions were diluted 10 fold, plated onto ISP 2 agar and incubated at 30 C for 7 days. UV radiation dose was monitored with a VLX-30 radiometer. Strains YIM F302
T and YIM F235 showed survival rates at 2.5 kGy (68.0 and 21.0 %, respectively) and at 5 kGy (44.0 and 14.0 %, respectively) of gamma radiation (Fig. S5) . Under the same condition of 2.5 kGy, D. radiodurans R1
T exhibited a 73.2 % survival rate. Strains YIM F302
T and YIM F235 showed survival rates at doses of 2.5 J m À2 (72.5 and 69.0 %, respectively) and at 5 J m À2 (33.5 and 25.6 %, respectively) UV irradiation. Under the same conditions of 2.5 and 5 J m
À2
, D. radiodurans R1 T exhibited 57.8 and 20.4 % survival (Fig. S6) . These results suggested that strains YIM F302
T and YIM F235 were resistant to gamma and UV radiation, similar to other members of the genus Deinococcus.
Based on the phylogenetic and chemotaxonomic characteristics, strains YIM F302
T and YIM F235 were determined to members of the genus Deinococcus. Although strains YIM F302
T and YIM F235 have many properties that are similar to those of many species of the genus Deinococcus, the two isolates can be distinguished from the closely related strains The type strain, YIM F302 T (=CGMCC 1.15089 T =DSM 29933 T ), was isolated from the desert in Yanbu' al Bahr in Saudi Arabia. The DNA G+C content of the type strain is 69.3 mol%.
